A combination of analytical calculations and vectormagnetogram data are utilized to develop a nonaxisymmetric non-force-free magnetic field and asses its viability in describing solar active regions. For the purpose, we construct a local spherical shell where a planar surface, tangential to the inner sphere, represents a Cartesian cutout of an active region. The magnetic field defined on the surface is then correlated with magnetograms. The analysis finds the non-axisymmetric non-force-free magnetic field, obtained by a superposition of two linear-force-free fields, correlates reasonably well with magnetograms.
An assumption of axisymmetry is almost customary to describe various processes occurring in the Sun. For instance, many of the solar dynamo models employing spherical polar coordinates assume axisymmetry 7 , and so do the models for the large-scale flows (differential rotation and meridional flow) on the surface of the Sun 12 . In contrast, observation of active regions suggest a complete absence of any symmetry in the photospheric field B. This is expected, as the convection zone-through which the buoyant magnetic flux tubes rise-being turbulent 9 is devoid of any symmetry. The non-linear coupling of B with other variables in a hydromagnetic description of the solar plasma 7 guarantees a violation of the axisymmetry in all variables, if the magnetic field is non-axisymmetric. Nevertheless, magnetic field topologies that are morphologically similar to sunspots can be mimicked from a locally axisymmetric field defined in spherical coordinates cf. Figures 4-9 of Low and Lou 17 , which was further explored in Prasad, Mangalam, and Ravindra 22 (hereafter PMR14) by using solutions of axisymmetric non-linearforce-free fields to fit the photospheric magnetograms. It is then imperative to find non-axisymmetric magnetic field (in spherical geometry) that are morphologically similar to solar active regions, which is the primary objective of the paper. Secondarily, the calculations utilize a non-force-free description of the magnetic field which is congruent to a more realistic representation of the active regions.
Standardly, the magnetic field of a static photosphere is often approximated to be a force-free field where magnetic pressure is balanced by magnetic tension, leading to zero Lorentz force 29 . Strictly, the assumption is more valid at the chromosphere and the lower corona where magnetic pressure dominates over thermodynamic pressure 10 . There are several numerical techniques which extrapolate three dimensional force-free magnetic fields from two dimensional photospheric vector mag- 29 : the non force-free nature of the photosphere, unavailability of boundary conditions on all boundaries of a computational box (observational data provides only the bottom boundary), uncertainties on vector-field measurements (particularly of the transverse component) and the requirement that a large physical domain needs to be modeled to capture the magnetic connectivity of an active region to its surroundings. The above limitations necessitate an analytical description where B is nonforce-free 2,13 along with an employment of spherical polar coordinates since the required larger physical domain may not necessarily be approximated by a local Cartesian volume 25 . Toward removing some of these limitations, in the paper we analytically explore the relevance of a nonaxisymmetric non-force-free magnetic field in describing the active regions. Importantly, the analytical approach provides explicit non-axisymmetric modes of the magnetic field which is difficult to identify from numerical extrapolations.
To keep calculations in analytical domain, we skip nonlinear-force-free-fields for which only the axisymmetric semi-analytical solutions are available 17, 22 and concentrate on the linear-force-free field B f 5,6 satisfying
where the constant α represents the magnetic circulation per unit flux 20 . The linear-force-free field can be interpreted as an eigenvalue equation of the operator curl with solutions forming a complete orthonormal basis 32 . The vector B f is also nomenclatured as ChandrasekharKendall (CK) eigenfunction 6 and in 3D spherical polar coordinates is given by
where r is the position vector. The eigenfunction ψ is the solution of the Helmholtz equation (∇ 2 + α 2 )ψ = 0 and is given by
where j l (r, θ, φ) and y l (r, θ, φ) represent the spherical Bessel functions of the first and second kind respectively. The components of the magnetic field are given by
Noteworthy is the scale-independence of |B f |. Toward developing the non-axisymmetric non-forcefree field, notable are the following points:
(i) A general non-force-free field, relevant to the solar corona, can be obtained by superposing two linearforce-free fields having two different eigenvalues 2,13 .
(ii) To correlate the above non-force-free field with magnetograms, initially the linear-force-free fields are to be calculated in a spherical shell of inner radius (r 0 ) and outer radius (r 1 ), where a planar surface tangent to the boundary at radius r 0 represents a part of the photosphere. Further the outer boundary r 1 has to be a magnetic flux surface to avoid the nonphysical scenario where magnetic field lines (MFLs) extend to infinity and the asymptotic magnetic energy becomes infinite 24 . The condition that the field lines are enclosed within the shell, using equation (3), requires C 1 j l (ξ 1 ) + C 2 y l (ξ 1 ) = 0 where ξ 1 = αr 1 ; which gives
. Absorbing the constants in C lm of equation (3), such
, we arrive at the following expression for the ψ
The corresponding magnetic field can be calculated utilizing equations (4) . The axisymmetric mode is characterized by m = 0 whereas m > 0 gives the non-axisymmetric modes. A meridional crosssection of the linear-force-free field for l = 3, m = 2 and α = 9 is shown in Figure 1 , where the nonaxisymmetric nature is markedly visible.
The non-force-free field within the spherical shell is then given by To asses the applicability of the aforementioned nonforce-free field B to active regions, we select the procedure developed in Prasad, Mangalam, and Ravindra 22 . The selection is based on the advantages gained in terms of obtaining fast and reasonably good fits to observed vector magnetograms while restricting the calculations in analytical domain. With the details in PMR14, here we mention the salient features of the procedure. The procedure employs generation of 2D template vector magnetograms from the analytical 3D solutions presented in equations (4) -(6), which are then fitted to the observed vector magnetograms. We then take a cross section of a sphere at a inner radius r 0 , and compute all three components of magnetic field over this 2D surface. The orientation of the magnetogram is varied through two Euler rotations θ and ψ ; cf. Figure 4 of PMR14 for details. Thus, the parameter space to look for a best fit (B T ; representing the theoretical field under consideration) with the magnetic field (B O ) from magnetogram comprises of different modes l, m and variables α, r 0 , r 1 , θ , ψ which are obtained by maximizing the correlation parameter c, where
represents the grid-averaged normalized scalar product • ambiguity is resolved by using the minimum energy method 15, 19 . AR 11283 produced several energetic flares and CMEs over the period of a week after appearing on September 1, 2011 16 . The magnetic topology of the AR is complex in terms of having strong bipolar MFLs and diffused regions of weaker fields (Figure 2a) . In Table 1 we list the best correlation of the nonaxisymmetric and axisymmetric non-force-free field with the magnetogram along with the corresponding parameter set. As a reference, we also provide the same for the non-axisymmetric/axisymmetric linear-force-free fields. The maximum correlation is always larger in a non-axisymmetric mode compared to the axisymmetric mode of a given field. Importantly, the correlation for the non-axisymmetric non-force-free field is reasonably good and the magnetic field (shown for grid resolution of 140 × 140 pixels; cf. Figure 2) is morphologically similar to the vector magnetogram whereas the corresponding axisymmetric mode shows no such similarity. Notably, the maximum correlation is identical for the non-force-free and the linear-force-free fields but the photosphere being non-force-free, within the used analytical framework the non-axisymmetric non-force-free field is more appropriate to represent the vector magnetogram. Moreover, the MFLs for the non-force-free field ( Figure 3 Table 1 ). Panels (a) and (b) depict the top and the side views respectively. Important is the existence of possible QSLs located in the void between the red and blue, and, the green and magenta colored field lines.
different locations on the grid and results in development of current-sheets 14 . The consequent magnetic reconnections may trigger onset of flares. Interestingly, for the selected AR, Extreme Ultra Violet brightening occurs at the general neighborhood of the QSLs before onset of the two X-class flares on September 6 and 7, 2011
11 . In retrospect, the importance of the work is in finding analytical non-axisymmetric magnetic fields which correlates well with magnetograms. The finding, obviously, depends on the magnetic field used to model the photosphere and assumptions inherent to analytical methods. Additionally, the non-force-free magnetic field generated by superposing two linear-force-free fields is found to fit reasonably well with the observed data and morphologically resembles the photospheric magnetic field. The existence of QSLs is also suggestive of magnetic reconnections which is further supported by the two X-class flares occurring in their general vicinity and warrants further research.
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